C ritically ill patients are subjected to a variety of uncomfortable and painful experiences during the course of hospitalization. Critically ill patients often experience inadequate pain relief. 1 Not only do critically ill patients suffer pain that is due to their illness and disease state, but they also have pain caused by common procedures such as suctioning and repositioning. [1] [2] [3] Self-reporting is the best method for evaluation of pain, but pain is more difficult to assess in noncommunicative patients, who may be receiving mechanical ventilation or sedated and unable to report pain. 1, 2, [4] [5] [6] The American College of Critical Care Medicine has developed expert guidelines for preventing and treating pain in noncommunicative patients. 1 In meeting these standards, health care agencies have instituted procedures to assess, diagnose, and treat pain systematically. However, these guidelines are difficult to implement without a single valid and reliable pain scale, especially for noncommunicative patients.
The ability to assess and document a patient's pain correlates directly with the ability to manage pain. [1] [2] [3] 7 Therefore having a valid and reliable tool to use in managing pain in critically ill, sedated, noncommunicative patients is essential for health care providers. Although several behavioral pain tools have recently gained favor for use in intensive care units, no one tool is used universally in such patients. A systematic review 6 describing instruments developed for pain assessment in noncommunicative patients revealed 5 pain assessment tools. Of those 5 tools, the Behavioral Pain Scale (BPS), 7 the Critical-Care Pain Observation Tool (CPOT), 8 and the Adult Nonverbal Pain Scale (ANVPS) 9 had the highest psychometric score based on quality judgment criteria relating to validity and reliability. Scales such as the BPS, CPOT, and ANVPS show good interrater reliability and discriminant validation, although the degree of correlation with patients' self-reports of pain vary. 1, 6 Therefore, the purpose of this study was to evaluate the validity and sensitivity of 6 pain scales in an effort to identify the most appropriate measure of pain in noncommunicative patients (ie, patients receiving mechanical ventilation or sedated).
Methods

Setting and Sample
The study was conducted at Virginia Commonwealth University Medical Center, an academic medical center, and the sample of 150 patients receiving mechanical ventilation was drawn from patients more than 18 years old who were admitted to a medical respiratory intensive care unit. The sample of 150 consisted of 100 patients who were noncommunicative (unable to speak, write, or use eye or hand motions) and 50 communicative patients. This observation study was reviewed by the institutional review board, and a waiver of informed consent was approved. Patients requiring neuromuscular blocking agents and those with overt disease affecting the brain (head trauma, intracranial hemorrhage, and meningitis) were excluded because manifestations of pain may vary in such patients. Male and female patients from all ethnicities and racial backgrounds were recruited.
Measurement of Key Variables
Characteristics of Patients. Age, sex, ethnicity, duration of intubation, and reason for admission to the intensive care unit were collected from the medical record. To describe the sample, a measure of severity of illness was documented on admission to the study by using the Acute Physiology, Age, and Chronic Health Evaluation (APACHE) III.
Pain was assessed before and during noxious and nonnoxious procedures.
preceding study enrollment. In addition, sedation level was measured by using the Richmond Agitation-Sedation Scale (RASS). The RASS is a 10-point scale, ranging from -5 (unarousable) to 0 (calm and alert) to +4 (combative), based on observation of specific behaviors of the patient. This scale has been validated against a visual analogue scale of sedation and agitation and tested for interrater reliability in 5 adult intensive care units.
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Level of Pain. The patient's pain level was recorded by using the pain tools listed in Table 1 commonly used with noncommunicative patients, were selected on the basis of variations in behavior descriptors and physiological parameters (Table 1) .
Procedures
This study was conducted in an 18-bed medical intensive care unit. Four nurse investigators (P.F., M.R., P.J., S.S.) with more than 5 years of critical care experience (3 clinical nurses and 1 clinical nurse specialist in the target unit) selected all patients for the study on the basis of the study's inclusion and exclusion criteria. Training for each tool was conducted, and interrater reliability was established by having all investigators assess the same patient at the same time (10 communicative and 10 noncommunicative patients). Overall interrater reliability between principal investigator P.F. and the other investigators (M.R., P.J., S.S.) was high (Cronbach : 0.89, 0.88, and 0.92, respectively). Packets of pain assessment tools were prepared before the start of the study. In order to minimize influence of the results and prevent bias, each pain tool in the packet was randomly organized and only behavioral descriptors (no numeric values) were listed.
The 4 nurse investigators independently enrolled patients by using a random computer-generated enrollment list during periods when the investigators were available to collect data. Once study patients were selected, descriptive data concerning their demographics and information about their admission to the intensive care unit were gathered from the medical record.
Each patient enrolled in the study received 4 packets of pain assessment tools for the 4 phases of pain assessment. The nurse investigator assessed pain during 4 phases: (1) before physical examination (a procedure that is not noxious) when the patient appeared to be at rest and was comfortable, (2) during routine physical examination, (3) before routine endotracheal suctioning when the patient appeared to be at rest and was comfortable, and (4) during routine endotracheal suctioning (a noxious procedure). The patient's nurse informed the investigator when the patient required suctioning according to clinical assessments and also when routine physical examination was to occur. The investigator observed the patient for 2 minutes and recorded pain assessments for phase 1 or phase 3. A period of at least 30 minutes separated phase 2 and phase 3 to reduce the effect of one procedure on the other.
Endotracheal suctioning did not occur simply for study purposes. Endotracheal tube suctioning is a noxious event. Heart rate and mean arterial pressure increase significantly during and after suctioning, returning to baseline approximately 5 minutes later. [23] [24] [25] [26] [27] Therefore, it is reasonable to use a routine nursing intervention such as endotracheal suctioning in this study as a noxious procedure.
Communicative Patients. In the 50 patients who could communicate, the investigator used 6 pain assessment tools (ANVPS, BPS, COMFORT, FACESNurse, FLACC, and PABS) to evaluate pain, and the patients used the NRS and the FACES scale to rate their pain. Before the physical examination and the suctioning procedure, the investigator observed the patient for 2 minutes to assess pain level and then completed each tool. Second, the investigator asked the patient to rate his or her pain as a self-report measure by using the NRS and FACES scale and pointing to the corresponding image. The investigator and the patients used the same FACES scale. FACES-patient indicates results obtained from the patients and FACES-nurse indicates results obtained by the investigator. During the physical examination and suctioning procedure, the investigator observed the duration of the event and then completed each tool. Then the investigator asked the patient to rate his or her pain by using the NRS and FACES-patient.
Noncommunicative Patients. Noncommunicative patients were unable to rate their pain by using the NRS, so this tool was omitted for the 100 noncommunicative patients. The sensitivity of each of the 6 pain assessment tools (ANVPS, BPS, COMFORT, FACES-Nurse, FLACC, and PABS) was assessed by identifying changes in pain level during the 4 phases. The investigator followed the same steps to observe the patient for 2 minutes to obtain the patient's pain level before the procedure and then Pain Assessment Behavioral Scale (PABS) 22 Drawing of 6 schematic faces depicting changes in severity of expressed pain (score range 0-10, smiling "no hurt" face on the left to a crying "hurts worst" face on the right) Score range 0-10, with lower scores indicating less pain Combination of horizontal numeric rating scale and word anchors Score range 0-10, with word anchors of "no pain" at one end of the scale, "moderate pain" in the middle, and "worst possible pain" at the opposite end of the scale 
Pain assessment tools
Data Analysis
The purpose of this study was to evaluate the validity and sensitivity of pain scales in an effort to identify the most appropriate measure of pain in noncommunicative patients (ie, patients receiving mechanical ventilation or sedated). The questions of validity and sensitivity were answered with 2 separate samples. The first sample, intended to address validity, was taken from communicative intubated patients. Each patient's pain was measured with the following pain scales: ANVPS, BPS, COMFORT, FAC-ES-nurse, FLACC, and PABS and patient self-report using the FACES-patient and NRS for the 4 phases of assessment. The NRS served as the reference standard tool for patients' self-reports of pain. A Spearman correlation coefficient ( ) was calculated for each scale with the NRS. Before data collection, the power was estimated assuming use of the Pearson correlation coefficient and the Fisher z test. Thus, for the planned sample size of 50 (sample of communicative patients), the 2-sided Fisher z test of the null hypothesis that the Pearson correlation coefficient equals 0 was estimated to have 82% power to detect correlations as small as 0.4.
The second sample, intended to assess sensitivity, was taken from 100 noncommunicative intubated patients. Each patient's pain was measured with the following pain scales (ANVPS, BPS, COM-FORT, FACES-nurse, FLACC, and PABS) for the 4 phases of assessment. A mixed-effects linear model was used to test for changes from before the stimulus (poststimulus minus prestimulus) for both the noxious stimulus and the stimulus that was not noxious and for each of the pain scales. The fixed effects included time (before and during stimulus), stimulus (not noxious and noxious), time by stimulus interaction, and the RASS score as a covariate. Patient was modeled as a random effect. The homogeneity of the covariates assumption and model assumptions was checked. Because no preliminary data are available, no power calculations were possible. However, a sample of 100 noncommunicative intubated patients is thought to be adequate for assessing sensitivity.
Results
Patients
The sample consisted of 50 communicative and 100 noncommunicative patients and was evenly divided between males and females ( Table  2) . Most patients were African American, with no difference in race and ethnicity between the communicative and noncommunicative groups. The mean age was 56 (SD, 12.7) years in the communicative patients and 52 (SD, 16.6) years in noncommunicative patients, with no significant difference in age between the 2 groups (F 149 = 2.29; P = .13). Severity of illness was higher in the noncommunicative patients than in the communicative patients (F 149 = 22.71; P < .001). The RASS scores at baseline differed significantly between the 2 groups; noncommunicative patients were more sedated (z = 8.35, P < .001). Ninety-six percent of the communicative patients were alert or mildly sedated, whereas 61% of noncommunicative patients were moderately to deeply sedated.
Pain Level
Validity, Communicative Intubated Patients. The mean scores of the investigators' ratings of the pain scales (ANVPS, BPS, COMFORT, FACES-nurse, FLACC, and PABS) and patients' ratings using FACES-patient and NRS are reported in Table 3 . The pain intensity score before and during physical examination increased slightly, whereas a significant increase was seen during suctioning. However, patients pointed to higher pain intensity on the FACES scale than they communicated as a numeric value during the suctioning procedure (mean score during suctioning NRS = 3.88, FACES-patient = 5.22). Interestingly, investigators' ratings of pain were even higher than patients' self-reports (NRS = 3.88, FACESNurse = 6.73) during the suctioning procedure.
In addition, the pain scales varied in their association with the NRS before and during the 2 procedures (Table 4 ). All pain scales had significant moderate to high correlations with the patient's self-rating by using the NRS during the suctioning procedure. However, before physical examination, only the FACES-patient and FACES-nurse had significant correlations with the NRS. As expected, patients' self-rating by using the FACES-patient, where the patients chose the face that best represented their pain level, had the highest correlation with the NRS ( = 0.76, P < .001) during the suctioning procedure. Interestingly, only BPS had a nonsignificant correlation of 0.21 (P = .20) with patient self-report during physical examination, whereas all other tools showed significant moderate correlation. Interestingly, 68% of the communicative patients rate pain during physical assessment as "0" when using the NRS (mean score, 1.95; SD, 3.21; median, 0; range, 0-10), whereas nurses rated patients' pain level as 4 b RASS = Richmond Agitation-Sedation Scale; we have further summarized the RASS's 10 levels of sedation as moderate/deeply sedated (RASS score of -5, -4, or -3), alert/mildly sedated (RASS score of -2, -1, or 0), or restless/agitated (RASS score of +1, +2, +3, or +4). 11, 28 c Duration of intubation = days of intubation before enrollment in the study. d P < .001. No one tool was superior to the other in capturing pain response during the noxious procedure.
3-8), with no difference in rating (F 39 = 0.56, P = .46) between NRS and BPS.
Sensitivity, Noncommunicative Intubated Patients. The 6 pain scales ( Figure 1 ) were all sensitive in capturing the patient's pain response before and during the stimulus that was not noxious (routine physical examination) and before and during the noxious stimulus (endotracheal tube suctioning; P < .001). However, overall sensitivity was higher during suctioning. Interestingly, during suctioning, investigators tended to rate pain higher on FACESnurse (mean score, 6.48) than on similar tools with a 10-point rating scale (mean scores: ANVPS, 3.41; PABS, 3.41; FLACC, 3.06).
Discussion
Although pain assessment is difficult in sedated, critically ill patients, pain must be assessed in a valid and reliable manner to ensure adequate pain management by using a pain tool that is useful for such patients. The use of unidimensional pain scales such as the NRS is recommended for patients who are able to self-report pain intensity. 1,2 However, when patients are unable to self-report their pain, valid and reliable behavioral pain scales such as the BPS and the CPOT are recommended in the clinical practice guidelines for the management of pain, agitation, and delirium in adult patients in the intensive care unit. 1 At the time of our study, BPS was more commonly used than CPOT because of its better psychometric properties and more frequent use in research studies. 6 We used the BPS along with other behavioral pain tools (ANVPS, COMFORT, FACES, FLACC, and PABS) to compare the relationship with the patient's self-report of pain via the NRS. However, no one tool was superior to the other in capturing pain response during the noxious procedure and showed moderate to high associations to the NRS. Even though patients tended to score higher on FACES-patient than a numeric value during suctioning, the investigators also rated pain higher in both the communicative and the noncommunicative group by using the FACES-nurse scale. Visual images such as FACES scales (Figure 2 ) may add subjectivity and bias versus selecting behavior descriptors in other tools. Further studies are warranted, as this subjectivity has implications for overtreatment or undertreatment of pain. Furthermore, during the physical examination, all tools were associated with the NRS, except for the BPS. In a closer review of the BPS, the tool ranged from 3 to 12, with an assumption of 3 being no pain, whereas other tools assume zero as no pain. Chanques et al 29 suggested that behavioral pain tools such as the BPS should not be used in communicative patients because correlation coefficients between BPS and self-reported pain scales are low ( = 0.40, P < .001). Similarly, our study supports their finding, as there was a moderate correlation between BPS and NRS ( = 0.56, P < .001) during the noxious procedure but no correlation during the procedure that was not noxious ( = 0.21, P = .20). Therefore the validity of BPS should be further investigated in noncommunicative patients. More recently, Keane 30 also reported a weak nonsignificant association of 0.26 (P = .31) between CPOT score and patient's self-report of pain during repositioning after extubation. Positioning was used as a noxious procedure in that study. Even though the 
Scale
Figure 1 Sensitivity of 6 pain scales in noncommunicative intubated patients during a procedure that was not noxious and a noxious procedure. Scores on the Face, Legs, Activity, Cry, and Consolability Scale are from 0 to 10; the score for cry was not included because it was inappropriate in this sample, resulting in a range of scores from 0 to 8. Scores on the Pain Assessment Behavioral Scale are from 0 to 10; the score for vocalization was not included because it was inappropriate in this sample of nonverbal patients, resulting in a range of scores from 0 to 8. range of scores for the CPOT is 0 to 8, further analysis is needed to explore variation in score ranges in these tools during noxious procedures and procedures that are not noxious. The clinical practice guidelines for management of pain 1 recommend that observational pain scales that include vital signs alone not be used for pain assessment. Interestingly, 2 observational pain scales in our study (ANVPS and COMFORT) both use physiological data such as heart rate and blood pressure and showed moderate to high associations with the NRS as well as signifi cant sensitivity in capturing the patient's pain response during a noxious stimulus. It may be that the combination of physiological along with behavioral measures affected this relationship.
Limitations
This study was conducted in an intensive care unit in a single institution. Although the unit was fairly representative of general medical populations in a critical care setting, the fi ndings may not be generalized to every type of medical population. An important limitation of this study was that we used 1 noxious condition, no stimulus control, and assumed absence of pain at baseline, although we did measure pain at this time and evaluated the change in pain over time. The use of suctioning may bias the investigators to rate higher assuming that suctioning causes pain. Even though we used endotracheal suctioning to elicit pain response, endotracheal suctioning is comparable to other common procedures that cause pain in critically ill patients. [23] [24] [25] [26] Use of 4 evaluators may have contributed some measurement error, but extensive training and education was done before implementation until reliability for each tool achieved a Cronbach of 0.80 or better. In addition, completing all tools at one time may have created bias among the raters; however, we attempted to reduce that effect by random ordering of the tools, completing one tool before starting another, and enrolling no more than 2 patients at a time. In addition, interrater reliability was evaluated before study implementation and again during the midcycle of enrollment of patients. Since the goal of the study was to compare multiple pain tools, the use of 1 procedure was required so that all tools could be evaluated simultaneously.
Conclusion
Pain assessment remains a challenge in noncommunicative critically ill patients whose pain experience is inferred from observation of behaviors and physiological measures. In this study, we evaluated commonly used pain scales in noncommunicative critically ill adult patients. Our study aim was to evaluate and identify an effective scale for assessing pain in these patients. We found that all tools were valid and sensitive to capturing changes in pain response during a noxious procedure in critical ill communicative and noncommunicative patients. However, caution in necessary when using the FACES scale because its subjectivity may lead to overtreatment or undertreatment of pain. Further analysis is needed to defi ne discrete behavior descriptors that are reliable and useful in measuring pain response.
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SEE ALSO
For more about assessing pain in noncommunicative patients, visit the Critical Care Nurse Web site, www .ccnnonline.org, and read the article by Stites, "Observational Pain Scales in Critically Ill Adults" (June 2013).
